Novel magnetically separable Bi 2 O 2 CO 3 /CoFe 2 O 4 nanocomposites were fabricated by a feasible hydrothermal route. Fourier transform infrared (FT-IR) spectroscopy, X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDX), transmission electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS), UV-vis diffuse reflectance spectroscopy (DRS), vibrating sample magnetometer (VSM), and N 2 adsorption-desorption analysis were employed to examine the structure, morphology, particle size, phase composition, optical and magnetic properties of the as-synthesized nanocomposites. The results of the findings showed demonstrated the successful coupling of spherical CoFe 2 O 4 nanoparticles and plate-like Bi 2 O 2 CO 3 nanostructures. The catalytic performance of magnetic Bi 2 O 2 CO 3 /CoFe 2 O 4 nanocamposites was evaluated in the reduction of some aromatic nitrocompounds such as nitrophenols and nitroanilines by using sodium borohydride (NaBH 4 ) aqueous solution at room temperature. The Bi 2 O-2 CO 3 /CoFe 2 O 4 nanocamposite with 30 %wt. CoFe 2 O 4 exhibited the best performance in the reduction of aromatic nitrocompounds with 100% conversion into the corresponding amino compounds within 15-30 min with rate constant of 0.10-0.24 min −1 . The effect of catalyst dosage was also investigated on the efficiency of reduction process. Furthermore, magnetic Bi 2 O 2 CO 3 /CoFe 2 O 4 nanocomposite could be easily removed by an external magnet from the reaction system.
Introduction
Nitrophenols are one of the most organic pollutants in industrial and agricultural waste waters. 1, 2 Nitrophenols and their derivatives are significant by-products produced from pesticides, herbicides and synthetic dyes. [3] [4] [5] Among them, 4-nitrophenol (4-NP) is well known to cause damage to the central nervous system, liver, kidney and both animal and human blood. Hence its removal from the environment is a crucial task. [6] [7] [8] [9] [10] On the other hand, the reduction of 4-NP to 4-aminophenol (4-AP) is essential in pharmaceutical industries for the manufacture of analgesic, antipyretic and other drugs, in photographic developer, corrosion inhibitor, anticorrosion lubricant, etc. 11, 12 Over the past few decades, the catalytic reduction of nitrophonols using NaBH 4 as reducing agent in aqueous medium has received considerable attention as a relatively simple and clean method. 13 Many reports are available on the application of metal and metal oxides nanocatalysts for the reduction of nitrophenols in the presence of NaBH 4 . [14] [15] [16] [17] [18] [19] [20] [21] [22] However, the separation of them from the reaction mixture is an important issue. In order to solve these problems, the magnetic separable nanocomposites such as Au/Fe 3 O 4, 23 Ag@Pd satellites/Fe 3 O 4 , 24 Pt/Fe 3 O 4 /CNTs, 25 and Fe 3 O 4 / SiO 2 /Ag 26 have been exploited for the catalytic reduction of nitrophenols in aqueous media. In such approaches, although nanocomposites showed improved recyclability but they suffered from one or more drawbacks such as the usage of expensive noble metals and the multi-step preparation procedures. Hence, the development of an alternative inexpensive, facile and easy-removal magnetic catalyst for the reduction of nitrophenols is highly desirable in the context of environmental and industrial concerns.
During the recent years, bismuth-based nanostructured materials, such as Bi 2 30, 31 BiOX (X = Cl, Br, I), and so on, [32] [33] [34] have received a great deal of attention due to their unique catalytic and photocatalytic activities. Among these compounds, some studies have focused on the fabrication of bismuth subcarbonate (Bi 2 O 2 CO 3 ) and its composites. 35 Up to now, many kinds of Bi 2 nanostrucures by a hydrothermal method at 180 °C for 24 h. The structure, morphology, and optical properties of the obtained nanomaterials were characterized in detail. Then, the excellent catalytic activity of the as-prepared Bi 2 O 2 CO 3 / CoFe 2 O 4 composite nanomaterials was evaluated by the reduction of 4-nitrophenol in the presence of aqueous NaBH 4 solution under ambient conditions. In addition, the possible reaction mechanism was proposed based on the experimental results. This study provides a promising candidate for efficient removal of nitrophenols from water by an environment-friendly and economical approach. 
Experimental

1. Materials
Methods of Characterization
FT-IR spectra were recorded on a Schimadzu system FT-IR 8400S spectrophotometer in transmission mode from 4000 to 400 cm -1 using KBr pellets. the XRD patterns of the samples were obtained on an X-ray diffractometer (Rigaku D-max C III) using Ni-filtered Cu Kα radiation (λ = 1.5406 Å) UV-vis diffuse reflection spectroscopy (DRS) was performed on a Snico S4100 spectrophotometer over the spectral range 200-1000 nm by using BaSO 4 as the reference. The shapes and morphologies of samples were observed by a MIRA3 TES-CAN field emission scanning electron microscope (FES-EM) equipped with a link energy-dispersive X-ray (EDX) analyzer. The particle size was determined by a CM120 transmission electron microscope (TEM) at an accelerating voltage of 80 kV. TEM samples were prepared by dropping the ethanol dispersion on a carbon coated copper grid. A PHS-1020 PHSCHINA instrument was used to measure the Brunauer-Emmett-Teller (BET) surface areas of the samples at liquid nitrogen temperature (77 K). Specific surface area calculations were made using Brunauer-Emmett-Teller (BET) method at the relative pressure (p/p 0 ) between 0.05 and 0.35. Magnetic measurements were carried out at room temperature using a vibrating sample magnetometer (VSM, Magnetic Daneshpajoh Kashan Co., Iran) with a maximum magnetic field of 10 kOe. X-ray photoelectron spectroscopy (XPS) was conducted using a thermo Scientifi, ESCALAB 250Xi, Mg X-ray resource instrument. UV-vis spectra of nitro compounds during the reduction reaction in aqueous solutions were analyzed using a Cary 100 double beam spectrophotometer operated at a resolution of 2 nm with quartz cells with path length of 1 cm in the wavelength range of 200 to 600 nm.
3. Preparation of CoFe 2 O 4 Nanoparticles
CoFe 2 O 4 nanoparticles were prepared by hydrothermal process. Fe(NO 3 ) 3 9H 2 O (1.72 g) and Co(NO 3 ) 2 6H 2 O (0.62 g) were dissolved in 25 mL distilled water (Co/Fe mole ratio of 1:2), and then the solution was adjusted to a pH of 12 with NaOH (6 M). After stirring for 60 min, the mixture was transferred to a 50 mL Teflon-lined stainless steel autoclave and maintained at 180 °C for 12 h before being cooled down in air. The resulting precipitate was filtered, washed with deionized water and ethanol, and dried at 60 °C for 6 h. 
4. Preparation of
6. Catalytic Tests
The catalytic performance of the synthesized Bi 2 O 2 CO 3 /CoFe 2 O 4 nanocomposites in the reduction of 4-nitrophenol (4-NP) to 4-amiophenol (4-AP) was evaluated by excess aqueous NaBH 4 solution at room temperature. In a typical catalytic reaction, 2 mL of aqueous solution of 4-NP (0.2 mM) and 0.5 mL of freshly prepared aqueous solution of NaBH 4 (20 mM) were mixed together in a standard quartz cell, having 1 cm path length. The solution color turned to bright yellow rapidly. Then, 5 mg of the Bi 2 O 2 CO 3 /CoFe 2 O 4 nanocomposite was added and stirred at room temperature. The solution was quickly subjected to UV-Vis measurements; Afterward, the absorbance of the solution was in situ measured every several minutes (2 min) in the scanning range of 200-500 nm to obtain the successive change about the reaction. In order to optimized the catalyst amount, similar experiments have been carried out in the presence of various amount of the catalyst (2.5, 5, 10, 15, and 20 mg in 2.5 mL aqueous solutions) on the reduction of 4-NP. The reduction of 2-nitrophenol (2-NP) and 2-nitroaniline (2-NA) and 4-nitroaniline (4-NA) was also carried out under the same conditions. For comparison, similar experiment was performed in the presence of the pure Bi 2 O 2 CO 3 (5 mg) and CoFe 2 O 4 (5 mg) catalysts. For recycling experiments, the Bi 2 O 2 CO 3 /CoFe 2 O 4 catalyst was recovered from the solution by an external magnet after completion of the reaction. The magnetically recovered catalyst was washed repeatedly with deionized water, dried at 60 °C and then employed for a new run. Figure 4(a)-(c) show that the obtained Bi 2 O 2 CO 3 /CoFe 2 O 4 30% nanocomposite was formed mainly from plate-like particles with a weak agglomeration. Also, from the TEM images in Figure 4( Figure 5 . The EDX spectrum of CoFe 2 O 4 in Figure 5 (a) shows the existence of Co, Fe and O elements as well as the EDX spectrum of Bi 2 O 2 CO 3 ( Figure 5(b) ) shows the existence of Bi, C and O elements. In addition, the constituents of Bi 2 O 2 CO 3 /CoFe 2 O 4 30% were studied by EDX method. As shown in Figure 5(c) To further determine the composition and element distributions of Bi 2 O 2 CO 3 /CoFe 2 O 4 30% composite, EDX mapping measurements were also carried out. Figure 6 shows a representative SEM image of the nanocomposite with corresponding EDX elemental mappings. From the maps in Figure 6 
Results and Discussion
1. Characterization of Bi
Where α, h, v and B are absorption coefficient, plank constant, light frequency, and a constant, respectively. Therefore, Eg value of the samples can be estimated from a plot (αhv) 1/2 versus photon energy (hv). The intercept of the tangent to the x axis would give an approximation of the band-gap energy of the samples (Figure 7(b) ). As shown in Figure 7( Figure 8(a) shows that the Figure 8(b) , the peaks located at binding energies of 159.08 and 164.39 eV are attributed to Bi 4f 7/2 and Bi 4f 5/2 , respectively, indicating the existence of Bi 3+ ions in the sample. 58 In Figure 8(c) , the peak at 284.78 eV is attributed to carbon reference, while the peak at 288.73 eV corresponds to the carbon of carbonate ion (CO 3 2-) in Bi 2 O 2 CO 3 . 58 For the oxygen element ( Figure  8(d) ), the O 1s peaks are well fitted into three different peaks at 529.73 eV, 530.68eV and 532 eV. According to the experiment results, the peak located at 529.73 eV is arisen from Bi-O in Bi 2 O 2 CO 3 while that at 530.63 eV is from CO 3 2-species and CoFe 2 O 4 . 59 Other small peak at higher binding energy of 532 eV can be attributed to the presence of surface-chemisorbed adsorbed H 2 O. 60 As shown in Figure 8(e) , the peaks at 979.91 eV and 795.67 eV could be assigned to Co 2p 3/2 and Co 2p 1/2 , respectively, shouldering with satellite peaks at 785.29 eV and 802.27 eV. Figure  8( The BET surface area and porous structure of the Bi 2 O 2 CO 3 /CoFe 2 O 4 composite were investigated based on nitrogen adsorption-desorption. Figure 9 gives the adsorption-desorption isotherms and the corresponding pore size distribution curve of the Bi 2 O 2 CO 3 /CoFe 2 O 4 30% sample. As observed in Figure 9 , the sample shows a type-III isotherm according to the IUPAC classification. 62 The isotherm shows a distinct H3 hysteresis loop in the relatively high pressure range (p/p 0 = 0.8-1). Generally, it is believed that the H3 hysteresis loop is related to the mesopores through the aggregates of plate-like particles which were further observed from the corresponding pore size distribution curve in the inset of Figure 9 . 63 3 . The increased surface area may be also beneficial for the increase of active sites and catalytic activities. The total pore volume is 0.297 cm 3 /g and the average pore size of this sample is 1.27 nm, which is estimated using the Barrett-Joyner-Halenda (BJH) method from the ad- sorption branch of the N 2 isotherm as shown in the inset of Figure 9 . Figure 10 shows the magnetization measurement for the as-prepared Bi 2 Figure 10 , complete separation of the catalyst colloids from the solution can be achieved under an external magnetic field. The rapid and easy magnetically separation of hybrid from water will assure the effective collection of the used catalysts and avoid the loss of nanoparticles for environmental risks.
2. Catalytic Reduction of 4-Nitrophenol
To investigate the catalytic activity of Bi 2 O 2 CO 3 / CoFe 2 O 4 nanostructures with different contents of CoFe 2 O 4 , the reduction of 4-nitrophenol (4-NP) to 4-amiophenol (4-AP) by excess NaBH 4 in aqueous solution was used as the model reaction ( Figure. 11) . Usually, 4-NP solution exhibits a strong absorption peak at 317 nm and a weak shoulder peak at 400 nm in the region of 250-550 nm. 64 After alkali NaBH 4 is added into 4-NP solution, the absorption peak at 317 nm disappears; only the one at 400 nm exists and markedly increases, which should be attributed to the production of the intermediate state, 4-nitrophenolate ion. 65 The intermediate can stably exist for a couple of day still a catalyst is introduced into the above system. Here, the peak at 400 nm gradually decreases, and concomitantly, a new peak at 305 nm appears due to the production of 4-AP. 66, 67 Figure 11 (a) exhibits the UV-vis absorption spectra of the 4-NP-NaBH 4 -H 2 O system after reacting for various durations in the presence of 5 mg pure Bi 2 O 2 CO 3 nanostructures. One can easily find that the peak intensity at 400 nm markedly decreases with the prolonging of the reaction time and disappeared after 32 min. However, Bi 2 O 2 CO 3 nanostructures with different contents of CoFe 2 O 4 exhibit different catalytic activities for the reduction of 4-NP. As shown in Figure 11(b) , it merely took 20 min to completely convert 4-NP to 4-AP in the presence of Bi 2 O 2 CO 3 /CoFe 2 O 4 30% nanocomposite. After the same amount of Bi 2 O 2 CO 3 /CoFe 2 O 4 45% was used as the catalyst, it took 60 min to complete the reaction (Figure 11(c) ). Namely, among various samples, Bi 2 O 2 CO 3 / CoFe 2 O 4 30% bears the strongest catalytic activity. Introduction of CoFe 2 O 4 in the composite significantly improves the catalytic activities of Bi 2 O 2 CO 3 . However, an excess addition of CoFe 2 O 4 showed decrease in catalytic efficiencies. In the present work, the reduction reaction of 4-NP to 4-AP could be reasonably assumed as a pseudo-first-order kinetics with regard to 4-NP owing to the presence of excess NaBH 4 . This pseudo-first-order kinetics equation can be described as lnC 0 /C t = kt. Here, C 0 and C t represent the initial and instantaneous concentrations of 4-NP, respectively; and k and t stand for the apparent rate constant and the reaction time in turn. The apparent rate constant values were calculated from the slope of plot of ln (C 0 /C t ) versus reaction time (Figure 11(d) The effect of the catalyst amount on the catalytic efficiency was investigated as well. Figure 12(a) shows linear relationships between ln(C 0 /C t ) and the reaction time in the presence of different amounts of Bi 2 O 2 CO 3 / CoFe 2 O 4 30% nanostructure. As shown in Figure 12( Furthermore, it was found that the present catalyst could also catalyze the reduction of other aromatic nitrocompounds including 4-nitroaniline (4-NA), 2-nitroaniline (2-NA) and 2-nitrophenol (2-NP), to corresponding amines. Figure 13(a)-(c) shows the reduction of three nitroarene by NaBH 4 in the presence of Bi 2 O 2 CO 3 / CoFe 2 O 4 30% nanocomposite. The reductive reactions were completed within 15 min (for 4-NA), 29 min (for 2-NA) and 16 min (for 2-NP), respectively. The calculated reaction rate constants (k app ) for these substrates are displayed in Fig. 13(d) . The k app values of these substrates are as the following order: 4-NA (0.24 min −1 ) > 2-NP (0.23 min −1 ) >2-NA (0.1 min −1 ). Since the reactions were carried out under the same experimental conditions, the different rates can be related to the structures of nitrocompounds.
In addition to catalytic activity, the stability and reusability of catalysts are important issues for their practical applications. The stability of as synthesized Bi 2 O 2 CO 3 / Figure 13 . The UV-vis absorption spectra change for the reduction process of (a) 4-nitroaniline (4-NA), (b) 2-nitroaniline (2-NA), and (c) 2-nitrophenol (2-NP) with NaBH 4 The nature of the recovered catalyst was also tested. As shown in Figure 15 [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] From Table 1 , it is clear that with respect to the reaction conditions and/or reaction times, the present method is more suitable and/or superior. It is clear that reaction in the presence of most reported catalysts required longer reaction times ( Table 1, entries 1-10) . However, the present catalyst showed close or lower catalytic activity compared with some of the catalysts (Table  1, entries 11 and 12) . Also, the results confirms that this magnetic catalyst has higher catalytic activity than that of the previously reportedBi 2 
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Conclusions
To conclude, a series of novel plate-like Bi 2 O 2 CO 3 / CoFe 2 O 4 magnetic nanocomposites were successfully synthesized via a simple hydrothermal method for the first time and applied to catalyze the reduction of nitroarenes. Compared with the individual Bi 2 O 2 CO 3 and CoFe 2 O 4 , the composite catalysts exhibit higher catalytic performance and stability for 4-nitrophenol reduction under ambient conditions. Compared with those noble
